Electron-microscopic examination of elastic fibres reveals that they comprise two distinct components: an amorphous core of polymeric elastin having a preferential affinity for anionic stains (i.e. phosphotungstic acid), and a peripheral mantle of microfibrils (diameter 10-13nm) possessing a bead-like periodicity and displaying a preferential affinity for cationic stains (i.e. uranyl acetate and lead citrate) (Greenlee et al., 1966; Fahrenbach et al., 1966) . The structure and physical properties of elastin are well documented [see reviews by Sandberg (1976) and Gosline (1976) ], but very little is known about the molecular nature and organization of the microfibrils, except that they are chemically dissimnilar to collagen and elastin, and contain one or more glycosylated polypeptides (Ross & Bornstein, 1969 , 1970 . This dearth of information is due largely to the difficulty in obtaining microfibrillar material in an undegraded form (Muir et al., 1976; Sear et al., (1977a) and the lack of a specific and quantitative assay.
The bovine nuchal ligamnent is well established as a model system for the study of elastic-fibre development (Fahrenbach et al., 1966; Greenlee et al., 1966) . The propagation ofcell cultures from this tissue would seem to represent a logical extension of these earlier investigations. Such an approach would enable the biosynthesis and assembly of the microfibrillar components to be studied in vitro. In the present paper we describe the use of such cultures, in conjunction with a microfibrillar-protein-specific antiserum, to identify glycoproteins that are either closely related to or are structural components of elastin-associated microfibrils.
Experimental

Materials
The anti-(microfibrillar protein) antiserum was raised in rabbits by using a microfibrillar-protein
Vol. 170 preparation from foetal bovine ligamentum nuchae as immunogen (Kewley et al., 1977b) . The antiserum gave a single precipitin arc in immunodiffusion experiments when tested against the microfibrillarprotein preparation (Kewley et al., 1977b) . L-[6-3H]-Fucose (24Ci/mmol) was from The Radiochemical Centre, Amersham, Bucks., U.K.; all other materials have been described elsewhere (Sear et al., 1977b) .
Methods
Fibroblasts were propagated by the explant technique from small segments (1-2mm3) of muscle-free ligamentum nuchae excised from the neck of a foetal calf [approx. 45 days as determined by the foreheadrump length (Bogart, 1959) ] within 2h of maternal death. The conditions under which the cells were cultured, including those for subculture, growth and maintenance of confluent fibroblasts in a chemically defined medium, have been described (Sear et al., 1977b) .
When processed for transmission electron microscopy, cultured ligament cells were fixed in 3 % (v/v) glutaraldehyde, post-fixed in 1 % (w/v) OS04 and embedded in Epon by the method of Brinkley et al. (1967) . Small pieces (approx. 1mm3) of freshly excised foetal bovine ligamentum nuchae were similarly fixed and embedded in Araldite as previously described . Ultrathin sections were stained with uranyl acetate (Watson, 1958) and lead citrate (Reynolds, 1963) , and examined in a Philips EM 301 electron microscope at an accelerating voltage of 60kV.
To identify the glycoproteins newly synthesized and released by cultured ligament cells, confluent cultures were maintained for 24h in a chemically defined medium supplemented with L-[6-3H]fucose (10uCi/ ml). The proteins released into the medium were concentrated by precipitation with 80 %-satd. (NH4)2SO4 in the presence of proteinase inhibitors (Sear et al., 1977b) and analysed by sodium dodecyl sulphate/polyacrylamide-gel electrophoresis. Immunoprecipitation experiments were conducted by incubating similar samples of medium (5ml) with rabbit anti-(microfibrillar protein) antiserum (0.5 ml) for 2h at room temperature (22°C) followed by 16h at 4°C. Control experiments used either no antiserum or pre-immune rabbit serum. Precipitates were washed twice with 62mM-Tris/HCl buffer, pH7.5, at 4°C, before electrophoretic analysis.
In some experiments ligament cell layers that had been cultured for 2 weeks after attaining confluency were sequentially extracted with (1) 1M-NaCl containing 0.1 % (w/v) Triton X-100, (2) 5M-guanidinium chloride and (3) 5M-guanidinium chloride containing 50mM-dithiothreitol, as previously described (Sear et al., 1977a) . The glycoprotein composition of these extracts was analysed by sodium dodecyl sulphate/ polyacrylamide-gel electrophoresis and compared with the composition of a microfibrillar-protein extract. This latter preparation was obtained from elastic fibres derived from the nuchal ligament of a 250-day foetal calf, by using a modification of the method of Kewley et al. (1977a) , in which proteinase inhibitors were included at all stages ofthe extraction.
Polyacrylamide-gel electrophoresis in the presence of sodium dodecyl sulphate was carried out as previously described (Sear et al., 1977b) , except that the separating gels were 8cm long and contained 6.5 % (w/v) acrylamide.
Results and Discussion
Fibroblast cultures were readily propagated from foetal bovine nuchal ligament and consisted of cells that assumed a polygonal rather than bipolar morphology. The ligament cells continued to proliferate after confluency, and when cultured for extended periods produced a mnembranous structure several cell layers thick. Electron-microscopic examination of such cultures (Plate la) revealed an extensive extracellular matrix containing collagen fibrils (approx. 40nm diam.) and numerous bundles of smaller fibrils (approx. 13 nm diam.). Virtually identical fibrillar structures were also observed in the freshly excised foetal bovine ligamentum nuchae (Plate lb). In (Sear et al., 1977b) . (b) The other half of the sample of medium was incubated with the anti-(microfibrillar protein) antiserum, and the immunoprecipitate separated by centrifugation as described in the text. Equal amounts of each sample were subjected to sodium dodecyl sulphate/polyacrylamide-gel electrophoresis in duplicate. The gels were either stained with Coomassie Blue and scanned at 580nm in a Beckman model 25 spectrophotometer, or sliced and assayed for radioactivity as described by Sear et al. (1977b) . Glycoproteins Further evidence for a relationship between elastinassociated microfibrils and glycoprotein I synthesized by cultured ligament cells was obtained from two types of extraction experiment. In the first procedure, elastic fibres were prepared from foetal bovine ligamentum nuchae, and a microfibrillar protein extract was obtained therefrom by using the modified method of Kewley et al. (1977a) (see the Experimental section). The microfibrillar extract was shown to consist of a limited number of discrete proteins, a major constituent of which was a periodic acid/Schiff-positive species having the same electrophoretic mobility as glycoprotein I (Figs. 2a and 2b) . This microfibrillar-extract glycoprotein was also shown to be immunologically related to glycoprotein I by using a combination of immunodiffusion and electrophoretic techniques. These findings are consistent with glycoprotein I being closely related to, or an integral component of, elastic-fibre microfibrils.
In the second procedure, a glycoprotein having an electrophoretic mobility identical with that of glycoprotein I was shown to accumulate in ligament cell layers that had been cultured for several weeks. This glycoprotein was not extracted into aqueous solutions containing 1 M-NaCl and 0.1 % (w/v) Triton X-100, but was solubilized under dissociative conditions by using 5 M-guanidinium chloride (Fig. 2c) . Subsequent extraction with 5M-guanidinium chloride containing dithiothreitol did not solubilize a quantitatively significant amount of this glycoprotein. These results suggest that glycoprotein I may be deposited as a matrix-associated constituent in ligament cell cultures. The preferential solubility of this glycoprotein in 5M-guanidinium chloride, as opposed to the 5M-guanidinium chloride/dithiothreitol mixture as expected for a microfibrillar component (Ross & Bomstein, 1969; Kewley et al., 1977a) Muir et al. (1976) . However, these latter authors relied on electron-microscopic observations to detect the 'presumptive subunit' and did not have recourse to a specific immunochemical detection system as used here. The precise origin and function of the glycoprotein described by Muir et al. (1976) is therefore uncertain. In the present study, the contention that glycoprotein I is related to connective-tissue microfibrils is supported by (i) its synthesis by ligament cells, (ii) its deposition in ligament cell layers and extraction therefrom under dissociative conditions, (iii) its presence in a microfibrillar extract derived from elastic fibres and (iv) its reaction with a specific anti-(microfibrillar protein) antiserum. The purification of glycoproteins I and II and the development of systems for their determination should lead to a clearer understanding of the formation and function of elastic-fibre microfibrils.
